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© A color sequential electronic camera includes an 
RGB light source in which the R and G sources are 
activated in combination to provide a luminance light 
beam, and the R and B sources separately to pro- 
vide separate chrominance light beams. Image light 
reflected by a subject is captured by an image 
sensor, which generates a color sequential signal 
comprising a sequence of luminance and chromin- 
ance image components. By activating the light 
sources such that chrominance light beams alternate 
between luminance light beams, the chrominance 
image components are captured at a lower temporal 
rate than the luminance image components. Further- 
more, by binning the sensor photosites together for 
the chrominance image, the chrominance compo- 
nents are captured at a lower spatial resolution than 
the luminance image components. 
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Field of Invention 

This invention relates to electronic cameras 
using solid state image sensors, and, in particular 
to color sequential electronic cameras. 

BACKGROUND OF THE INVENTION 

In some applications, such as medical imaging, 
a low power color sequential camera head, using a 
monochrome sensor, provides a digital output sig- 
nal over a low bit rate digital link to a remote base 
unit. A typical application is an endoscope for ex- 
amining body cavities, wherein the camera head is 
at the end of a probe, and the base unit includes a 
monitor for viewing images captured by the camera 
head. The camera head sequentially illuminates the 
scene with red, green, and blue light, and then 
sequentially digitizes the red, green, and blue color 
images output from the monochrome sensor. In 
addition, to minimize power, the pixel rate of the 
digital output signal should be as low as possible, 
while still maintaining good image resolution and 
good motion portrayal. Ordinarily, the RGB images 
all use the full sensor resolution. The monochrome 
sensor is read out in an interlaced mode at 60 
fields per second, so that there are 20 red, 20 
green, and 20 blue fields per second. 

A known type of field sequential color televi- 
sion system, for use in a known type of endoscope, 
is shown in U.S. Patent No. 4,845,553. The light of 
three primary colors (red, green, and blue) is se- 
quentially irradiated onto an object such as an 
organism, and the reflected light of each of the 
individual colors is received by a charge-coupled 
device (CCD), where it is converted into an elec- 
trical image signal. After the thus-obtained picture 
signals are stored in memories in succession, they 
are converted into color television signals by a 
processor and displayed on a color monitor. In 
particular, as shown in the '553 patent, the memory 
capacity is reduced by sub-sampling the full reso- 
lution output of the CCD for the red and blue light, 
while maintaining the green light at its full resolu- 
tion output. 

In U.S. Patent No. 4,685,451 , red and blue light 
is similarly sub-sampled, but within the same tim- 
ing. This is done by utilizing a single sensor having 
cyan and yellow color filters. Full resolution green 
is obtained for odd fields by illuminating the sensor 
with green light (cyan and yellow photosites both 
being sensitive to green light), and red and blue 
are obtained at lesser resolution for even fields by 
illuminating the sensor with white (or magenta) light 
(cyan and yellow photosites being separately sen- 
sitive to blue and red light, respectively). The light 
may be input into the endoscope sheath by means 
of fibers, or, as described in U.S. Patent No. 



4,074,306, a package enclosing a plurality of solid 
state light emitting chips can be mounted in the 
sheath of the endoscope. 

In the known systems as described, including 

5 ones that use sub-sampling to reduce resolution 
and storage, the pixel data rate nonetheless must 
be maintained at relatively high rates, such as 12 
MHz or thereabouts. Moreover, subsampling can 
reduce image quality by introducing color aliasing 

w artifacts. To provide an improved camera, what is 
needed is a lower pixel rate, to decrease power 
consumption, yet a higher field rate, to improve 
motion rendition-without producing color artifacts. 

rs SUMMARY OF THE INVENTION 

Since the human visual system is more sen- 
sitive to luminance wavelengths than to chromin- 
ance wavelengths, an object of the invention is to 
20 improve motion rendition with an electronic camera 
that is more sensitive to luminance temporal reso- 
lution than to chrominance temporal resolution. 

A further object of the invention is to utilize the 
lower chrominance resolution to provide an elec- 
ts tronic camera with a lower pixel rate. 

A further object of the invention is to increase 
the signal level of dimly illuminated objects by 
decreasing the temporal update rate, so as to in- 
crease the exposure time, and by increasing the 
30 binning factor, so as to sum more pixels together. 

Accordingly, the invention provides for an elec- 
tronic color sequential camera including a plurality 
of light sources arranged to sequentially illuminate 
a subject; means for activating a) two or more of 
35 said light sources to generate a luminance light 
beam and b) selected ones of said light sources to 
generate at least first and second chrominance 
light beams, the luminance and chrominance light 
beams being generated in a predetermined se- 
40 quence; and an image sensor arranged to receive 
the luminance and chrominance light beams re- 
flected from the subject and to generate therefrom 
a color sequential signal comprising a sequence of 
luminance and chrominance image components, 
45 whereby the camera is more sensitive to luminance 
temporal resolution than to chrominance temporal 
resolution. 

As further detailed, the invention includes the 
emission of a sequence of luminance light beams 

so separated by an alternating sequence of either first 
or second chrominance light beams. The image 
sensor then generates a color sequential signal 
comprising a sequence of luminance image com- 
ponents separated by an alternating sequence of 

55 chrominance image components, whereby the 
chrominance image components are captured at a 
lower temporal rate than the luminance image com- 
ponents, and the pixel rate is consequently lower- 
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ed. 

Furthermore, the image sensor may comprise 
an array of photosites arranged in rows and col- 
umns, such that the luminance image component is 
obtained from substantially all the photosites and 
the chrominance image components are obtained 
by binning together selected rows and/or columns 
of photosites to produce a lesser number of pixel 
values, whereby the chrominance image compo- 
nents are captured at a lower spatial resolution 
than she luminance image components, and the 
pixel rate is further lowered. Furthermore, the bin- 
ning operation increases the signal level of the 
chrominance components, which allows lower pow- 
er light sources to be used, thus further reducing 
the power. 

The advantage of the invention, as heretofore 
described, is that luminance emissions are cus- 
tomized to the human visual system, while reduced 
chrominance resolution is appropriate, since the 
human visual system is more sensitive to lumi- 
nance spatial resolution than to chrominance spa- 
tial resolution. This results in an electronic color 
sequential camera with better temporal resolution, 
and therefore better motion portrayal, with fewer 
colored edge artifacts and with a lower camera 
head data rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the temporal frame readout or- 
der and spatial resolution for a prior art system; 
Figure 2 shows the temporal frame readout or- 
der and spatial resolution for a system accord- 
ing to the invention; 

Figure 3 shows a block diagram of a camera 
head and a base unit according to the invention; 
Figure 4 is a diagram of the image sensor used 
in the camera head shown in Figure 3; 
Figure 5 shows timing waveforms for "normal" 
operation of the sensor shown in Figure 4; 
Figure 6 shows timing waveforms for 2x2 bin- 
ning operation of the sensor shown in Figure 4; 
Figure 7 shows a second embodiment of the 
invention having a base unit using the luminance 
motion vector to shift the stored chrominance 
components; 

Figure 8 shows a third embodiment of the inven- 
tion having a base unit with simple processing 
to provide RGB output signals; 
Figure 9 shows a fourth embodiment of the 
invention using 4:1 temporal and spatial 
chrominance subsampling; 
Figure 10 shows a correlated double sampling 
circuit used in camera head of Figure 3; and 
Figures 11 A, B and C show readout and illu- 
mination waveforms for different levels of expo- 
sure. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The invention is based in part on the recogni- 

5 tion that it is possible to turn on more than one 
color emitter during the sensor illumination period. 
This allows the camera to capture luminance 
frames, which are ordinarily defined as the weight- 
ed sum of red, green, and blue light. For television 

;o cameras capturing normal pictorial scenes, lumi- 
nance is typically composed of approximately 60% 
green, 30% red, and 10% blue light. For medical 
applications inside body cavities, however, other 
weightings of red, green and blue may provide 

75 better images, because the reflectance of typical 
objects is higher for red and lower for blue, relative 
to normal pictorial scenes. Therefore, the combina- 
tion of red and green light is used to provide 
luminance in practice of the invention. Two other 

20 color sequential frames are used to provide 
chrominance resolution, by illuminating only one 
color emitter per frame integration time, for exam- 
ple red or blue. Psychophysical studies have 
shown that not only is luminance spatial resolution 

25 more visually important than chrominance spatial 
resolution, but luminance temporal resolution is 
also more visually important than chrominance 
temporal resolution. Therefore, for a given pixel 
data rate, the perceived temporal resolution is in- 

30 creased and image quality can be optimized by 
using luminance frames instead of green frames. 
Furthermore, by reducing the spatial resolution as 
well as the number of the red and blue frames, 
relative to the luminance frames, the camera head 

35 output data rate can be decreased while providing 
improved image quality. 

A simplified diagram of the difference between 
the present invention and the prior art is shown in 
Figures 1 and 2. In the prior art, shown in Figure 1 , 

40 the resolution and number of red, green, and blue 
frames (or alternately red, green, and blue fields, 
for interlaced video formats) is equal. The temporal 
frame readout sequence of the invention, shown in 
Figure 2, indicates that there are twice as many 

45 luminance frames as red or blue frames. Further- 
more, the luminance frames have higher spatial 
resolution (x2 more lines and x2 more pixels per 
line) compared to the red or blue frames. 

A block diagram of an electronic color sequen- 

50 tial camera according to the invention is shown in 
Figure 3 in the form of a camera head 20 con- 
nected to a base unit 22 by a digital data link 24. 
Although this invention is not limited to a specific 
application, a color sequential camera head 20 of 

55 the type described herein may be used in a medi- 
cal application in the elongated insertion portion of 
an endoscope. The insertion portion (not shown as 
such, but which includes the digital data link 24) is 
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inserted into a body cavity of an organism, and the 
camera head 20 generates images that are trans- 
mitted back to the base unit 22 for observation by 
an attending physician (on a monitor, not shown). 

In the camera head 20, red, green, and blue 
light emitting devices (LEDs) 26a, 26b, 26c are 
activated by an LED control device 28 to emit red, 
green, and blue light beams outward from the 
camera head 20 toward a subject 30. The subject 
30, being in a confined space, is illuminated only 
by the red, green and blue light beams. Red, green 
and blue light reflected from the subject 30 is then 
collected by a lens 32 and directed to an image 
sensor 34. An exemplary sensor useful with the 
invention is the Kodak KAI-310 CCD image sensor 
shown in Figure 4. This sensor is an interline 
transfer CCD device having photodiodes 35 con- 
nected to vertical readout registers 37 (shown in 
part in Figure 4). The CCD has a progressive scan 
(non-interlaced) architecture, such that every pixel 
is transferred into the vertical registers 37 during 
each frame readout time. This sensor has 484 
active lines and 648 active photosites per line, and 
a pair of read out registers 36a, 36b. In this em- 
bodiment, only readout register 36a is used, to 
provide a single register video output signal, al- 
though the CCD is capable of providing dual output 
signals. The CCD contains additional black (light- 
shielded) photosites vertically and horizontally, so 
that a total of 496 vertical clock cycles, with 694 
horizontal clocks per vertical cycle, are used to 
transfer each image frame. 

In accordance with the invention, the luminance 
light beam is generated by activating both the red 
and green emitting devices 26a and 26b during the 
sensor integration period for the luminance image 
component. Then the red and blue emitting de- 
vices 26a and 26c are activated sequentially to 
generate red and blue chrominance light beams 
during the sensor integration period for the 
chrominance image components. Note that by turn- 
ing on both red and green LEDs, the signal level of 
the luminance image component is substantially 
increased, so that the signal-to-noise ratio is im- 
proved. The blue LED 26b is not turned on for the 
luminance image component to reduce the power 
consumption since the efficiency of available blue 
LEDs is poor. 

The clock and bias circuit 38 of the sensor 34 
is clocked by a timing circuit 40, which is capable 
of clocking out all of the pixels of the sensor, or 
binning (summing) together the pixels into a lower 
resolution image, for example one with 242 lines 
and 324 pixels per line. Figures 5 and 6 provide 
the timing diagrams for the normal and the 2x2 
binning operation, respectively. In the binning op- 
eration, the photosite charge is summed first verti- 
cally and then horizontally, to create pixel values 



which include the signal charge from four neighbor- 
ing photosites. In the normal timing, signal charge 
is transferred from the photosites 35 to the vertical 
readout registers 37 during transfer pulse times 

5 102 of frame timing 100. Lines are transferred one 
by one into the horizontal register 36, utilizing the 
line timing waveforms 110 shown in Figure 5, and 
pixels are transferred out of the register 36, utilizing 
the pixel timing waveforms 120 shown in Figure 5. 

10 To sum or "bin" the charge vertically, two lines 

are transferred into the horizontal readout register 
36a by cycling V1 and V2 high and low twice per 
line, as shown in the waveform portion 212 of the 
"line timing" portion 210 of Figure 6, rather than 

75 once per line, as shown in the waveform portion 
112 of the "line timing" portion 110 of Figure 5. To 
sum or "bin" the charge horizontally, the floating 
diffusion output is reset after every second pixel is 
read out, so that the charge from two horizontal 

20 pixels is summed on the output diffusion of an 
output amplifier 50 on the image sensor 34 (see 
Figure 4). Since each of these two horizontal pixels 
contains the charge from two vertically adjacent 
lines, the output signal level is nominally four times 

25 the signal level for the "normal" (no binning) opera- 
tion, using the timing waveforms shown in Figure 5. 

With respect to pixel timing for "binning" the 
charge horizontally, as shown in the "pixel timing" 
portion 220 of Figure 6, the output sequence is to 

30 first reset the floating diffusion output by cycling 
4>R high and low at time 222, which sets the output 
diffusion of the output amplifier 50 to a nominal 
voltage controlled by the reset drain voltage VRD. 
The next step is to clamp to this reset level by 

35 cycling the CLAMP signal controlling a correlated 
double sampling circuit 52 (shown in Figure 10) 
high and low at time 224. The charge from the two 
adjacent horizontal pixels is transferred onto the 
floating diffusion output on the rising edge of 4>H1, 

40 at times 226 and 228 respectively. After the second 
horizontal pixel charge is transferred to the output 
diffusion, the voltage of the output diffusion is sam- 
pled with the SAMPLE signal at time 230. This 
sampled value 232 is equal to the "binned" sum of 

45 2 vertical and 2 horizontal pixels. 

The timing circuit 40 also controls the light 
emitting devices 26a, 26b, 26c via the LED control 
device 28, and provides sync signals to the digital 
data link 24. The output of the output amplifier 50 

so on the image sensor 34 is processed by the cor- 
related double sampling (CDS) circuit 52, shown 
also in Figure 10, and an analog/digital (A/D) con- 
verter 54. The A/D output is provided to an expo- 
sure level determination circuit 42 and is also sent 

55 over the digital data link 24 to the base unit 22. In 
the base unit 22, the color sequential digital image 
frames are stored in separate luminance (Y), red 
(R) and blue (B) frame stores 56, 58, 60. Since the 
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R and B frames have only 1/2 as many lines and 
1/2 as many pixels as the Y frame, smaller digital 
memories can be used to store these frames. The 
last Y, R, and 5 frames received from the camera 
head 20 are used to create a normal NTSC scan- 
ning format (525 total lines, 60 field/sec) color 
image. This is accomplished by forming luminance 
(Y) and color difference (R-Y and B-Y) signals in 
subtractors 62 and 64 by subtracting a 2x2 pixel 
average of the Y stored image generated by the 
averaging circuit 66 from the R and B images. 
These signals can be combined (in a subsequent 
circuit, not shown) to form a composite NTSC or an 
S- Video signal, or matrixed to form an RGB com- 
ponent NTSC image. Such processing is conven- 
tional, and well known in the art. 

The exposure determination circuit 42 in Figure 
3 operates in conjunction with the timing circuit 40 
and the LED control device 28 to provide the 
proper exposure. In an endoscope application, the 
light level reflected from objects depends on the 
distance between the object and the light sources 
26a, 26b, 26c in the camera head 20. The illumina- 
tion level decreases dramatically as the distance 
between the light sources and the object increases. 
Therefore, the sensor exposure should be con- 
trolled, in order to provide acceptable images over 
the range of distances expected to be encountered. 
The exposure level determination circuit 42 deter- 
mines the exposure level of a particular frame by 
calculating, for example, the average digital code 
level of the pixels of that frame. Alternately, the 
peak code level can be measured. The circuit then 
compares the level with a reference level, to deter- 
mine whether the average or peak signal level is 
within a range of acceptable levels. If the level is 
outside the desired range, the exposure level is 
adjusted during the next capture of the same type 
(i.e., luminance red, or blue) of frame. 

Figure 11 A shows the readout sequence of 
image sensor 34, and the signals for controlling the 
red 26a, green 26b, and blue 26c LEDs for objects 
at normal distances. The R LED, G LED, and B 
LED signals are high when the respective LEDs are 
turned on, and low when the LEDs are turned off. 
Note that the readout color sequence lags the 
illumination color sequence by one frame period. 
For example, the red frame exposure is completed 
by turning on the red LED 26a, while a luminance 
frame is read out of the sensor. Next, the red frame 
is read out, while both the red and green LEDs 
26a, 26b are turned on, to provide a luminance 
frame exposure. Next, the luminance frame is read 
out, while the blue LED 26c is turned on, to provide 
a blue frame exposure, and so on. Note also that 
the readout time for the luminance frames is ap- 
proximately twice as long as for the red or blue 
frames. This happens because 2x2 "binning" is 



used to read out the red and blue signals. Because 
2 lines are summed in the horizontal readout regis- 
ter 36a, as shown in time interval 212 of Figure 6, 
there are only 248 horizontal line readout periods 

5 using the 2x2 binning, as shown in frame timing 
waveforms 200. In the normal readout mode used 
to read out the luminance frame, there are 496 line 
readout periods, as shown in frame timing 
waveforms 100. 

;o In Figure 11 A, the illumination period is equal 

to the readout period. This provides proper expo- 
sure for objects at normal distances. However, for 
near objects, the amount of light reflected from the 
object is large, if the illumination period equals the 

75 readout period. Therefore, the illumination period is 
decreased, as shown in Figure 1 1 B. In Figure 1 1 B, 
the LEDs are illuminated for only a portion of the 
sensor readout period. This has the further advan- 
tage of decreasing the power consumption of the 

20 camera head. 

Objects at far distances reflect very little light, 
since the illumination level is inversely proportional 
to the square of the distance between the light 
source and the object. In some prior art systems, 

25 electrical gain is used to amplify the signal level in 
such conditions. However, this also amplifies any 
sensor noise, so that the result is a noisy image. In 
other prior art systems, the illumination level is 
increased by increasing the current to the illumina- 

30 tion source. Unfortunately, this greatly increases 
the power consumption and the temperature of the 
camera head. The present invention increases the 
sensor exposure for distant objects by decreasing 
the frame rate. This provides a longer exposure 

35 time for each frame, as shown in Figure 11C. Note 
that each frame illumination period is now twice as 
long as shown in Figure 11 A. Therefore, the signal 
levels from the sensor are increased by a factor of 
two. This is accomplished by providing a "dor- 

40 mant" period between each frame readout, during 
which the appropriate LEDs are illuminated. The 
"dormant" period causes a decrease in the frame 
rate, but this causes little image degradation since 
the relative motion of far objects is much less than 

45 for near objects. The increased exposure level re- 
sults in a noticeable increase in quality, because of 
the improved image signal-to-noise ratio. 

For far objects which provide extremely low 
light levels, the signal levels can be further in- 

50 creased by using 2x2 "binning" of the luminance 
frames, and 4x4 "binning" of the red and blue 
frames. This provides an additional x4 increase in 
the signal level, although it decreases the amount 
of image detail. The overall quality of the image is 

55 improved, because the reduction in noise is much 
more noticeable than the reduction in image sharp- 
ness. In addition to adjusting the LED illumination 
periods, frame rate, and the amount of binning, the 
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exposure level determination circuit 42, can adjust 
the electrical gain of the amplifiers in the CDS 
circuit 52, as is commonly done in the prior art. 

Figure 7 shows a second embodiment of a 
base unit 22 which includes a Y motion detector 68 
to detect the amount of luminance motion from one 
frame to the next. The Y motion detector 68 could 
determine the average motion of the entire lu- 
minance frame (for example due to camera shake) 
or the motions of small blocks (for example 16x16 
pixel blocks) within the luminance frame, and gen- 
erate luminance motion vector(s). The luminance 
motion vector(s) are used to adjust the timing of 
address generators 70 used to read out the R and 
B stored data, so as to shift these image planes 
properly in the same direction as the luminance 
motion. 

An applicable method for determining motion 
vectors is described in U.S. patent application 
08/118,897, entitled "Method for processing color 
image records subject to misregistration", filed 
September 9, 1993 in the name of Hintz et al. and 
assigned to Eastman Kodak Company. Hintz shows 
a method for correlating two subsections of an 
image, one subsection from a red image record 
and the second subsection from a green image 
record. The result of the correlation process per- 
formed on the two subsections provides an integer 
pixel shift value, which indicates the horizontal and 
vertical misregistration between the two image 
planes. This same method can be used to calculate 
the motion vector between two luminance images 
taken at two different periods of time. In this case, 
the result of the correlation process performed on 
the two luminance frames provides a pixel shift 
value, which indicates the horizontal and vertical 
motion between the two luminance images. This 
pixel shift value is a "motion vector", which in- 
dicates the magnitude and direction of the image 
motion that occurred between the two luminance 
frames. By shifting the red and blue planes in the 
direction of the motion vector, any color mis- 
registration due to motion occurring between the 
color sequential red or blue frames and the lu- 
minance frames can be reduced. 

The magnitude of the shift depends on the 
relative times at which the red, blue, and luminance 
frames were captured. For example, if there are 20 
luminance frames per second, and 10 frames each 
for red and blue, then for the luminance frame 
which immediately follows a red frame, the red 
record should be shifted by 1/2 times the mag- 
nitude of the luminance motion vector, and the blue 
record should be shifted by 3/2 times the mag- 
nitude of the luminance motion vector. 

If the motion is substantially uniform for the 
entire image, as would be the case if the motion 
was caused by camera motion, a single motion 



vector could correct the entire image. This is typi- 
cally the case for medical endoscope applications 
If, however, the motion is substantially different in 
different parts of the image, different motion vec- 

5 tors can be computed in different subsections of 
the image, and used to "warp" the stored red and 
blue frames to reduce color misregistration errors. 
U.S. Patent application 07/712,865 "Cross correla- 
tion image sensor alignment system", filed June 

ro 10, 1991 in the name of Parker, et al., and as- 
signed to Eastman Kodak Company, describes a 
misregistration correction circuit that can shift dif- 
ferent parts of an image by different amounts, 
using in this case the location motion vectors as 

75 the correction signal inputs. 

Many other motion estimation methods can be 
used. Possible methods are described in an article 
by J.K. Aggarwal and N. Nandhakumar, entitled 
"On the computation of motion from sequences of 

20 images" which appeared in the Proceedings of the 
IEEE, volume 76, on pages 917-935 in August 
1988, and in an article entitled "Review of motion 
analysis techniques", which appeared in the Pro- 
ceedings of the IEEE, volume 136, part 1, on 

25 pages 397-404 in December 1989. 

Figure 8 shows a third embodiment of the base 
unit 22 with simple processing to provide RGB 
output signals. The luminance store 56 output 
(R + G, from turning on both the red and green 

30 LEDs) is averaged in groups of 2x2 pixels in the 
averaging circuit 66 to form a Y_lows signal. The 
R store 58 output is subtracted from y_lows in a 
subtracter 72 to form G lows. The Y highs signal 
(luminance detail) is formed by subtracting Y lows 

35 from the stored Y signal in a subtractor 74. This 
"luminance detail" Y highs signal is added in ad- 
ders 76, 78, 80 to the RGB lows signals to form 
high resolution RGB signals. The motion detection 
approach shown in Figure 7 could be used with 

40 this RGB processing as well. 

Figure 9 shows a fourth embodiment of the 
invention using 4:1 temporal and spatial chromin- 
ance subsampling. The R and B signals are now 
binned (averaged) by 4:1 in each direction, to pro- 

45 vide a 121 x 162 pixel image. There are four full 
resolution Y images for each R or B image, and the 
R and B images are temporally adjacent. 

As is evident from the foregoing description, 
certain aspects of the invention are not limited to 

so the particular details of the examples illustrated, 
and it is therefore contemplated that other modi- 
fications and applications will occur to those skilled 
in the art. It is accordingly intended that the claims 
shall cover all such modifications and applications 

55 as do not depart from the true spirit and scope of 
the invention. 

The invention is summarized as follows: 
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1. An electronic color sequential camera 20,22, 
comprising: 

a plurality of light sources 26a, 26b, 26c 
arranged to sequentially illuminate a subject 30; 

means 28, 40 for activating a) two or more 5 
of said light sources to generate a luminance 
light beam and b) selected ones of said light 
sources to generate at least first and second 
chrominance light beams, the luminance and 
chrominance light beams being generated in a ro 
predetermined sequence; and 

an image sensor 34 arranged to receive the 
luminance and chrominance light beams reflect- 
ed from the subject 30 and to generate there- 
from a color sequential signal comprising a se- rs 
quence of luminance and chrominance image 
components. 

2. A camera as in 1 wherein said light sources 
include red, green, and blue light emitting de- 
vices 26a, 26b, 26c, and wherein the luminance 20 
light beam is a combination of the red and 
green emissions from said red and green de- 
vices and the first and second chrominance light 
beams are red and blue emissions, respectively, 
from said red and blue devices. 25 

3. A camera as in 2 wherein said luminance light 
is a weighted combination of the red and green 
emissions. 

4. A camera as in 1 further comprising a plural- 
ity of memory units 56, 58, 60 coupled to said 30 
image sensor 34 for separately storing the lu- 
minance and chrominance image components. 

5. A camera as in 4 wherein said predetermined 
sequence of light beams includes a sequence of 
luminance light beams separated by an alternat- 35 
ing sequence of either first or second chromin- 
ance light beams, and said image sensor 34 
generates a color sequential signal comprising a 
sequence of luminance image components sep- 
arated by an alternating sequence of chromin- 40 
ance image components, whereby the chromin- 
ance image components are captured at a lower 
temporal rate than the luminance image compo- 
nents. 

6. A camera as in 4 wherein said image sensor 45 
34 comprises an array of photosites 35 arranged 

in rows and columns, and said luminance image 
component is obtained from substantially all the 
photosites and the chrominance image compo- 
nents are obtained by binning together selected so 
rows and/or columns of photosites to produce a 
lesser number of pixel values, whereby the 
chrominance image components are captured at 
a lower spatial resolution than the luminance 
image components. 55 

7. A camera as in 4 or 5 further comprising 
means 68,70 for reading each chrominance im- 
age component from said memory unit 58, 60 a 



plurality of times while spatially shifting the 
chrominance image components to compensate 
for the motion of the luminance image compo- 
nent. 

8. A camera as in 1 or 2 wherein a correct 
exposure level for the subject is obtained by 
varying the illumination period of at least one of 
said luminance and chrominance light beams. 

9. A camera as in 8 wherein the luminance and 
chrominance image components represent 
frames read out from said image sensor 34, and 
the correct exposure level for the subject is 
obtained by further varying the frame readout 
period of the sensor. 

10. An electronic color sequential camera 20,22, 
comprising: 

a plurality of light sources 26a, 26b, 26c 
arranged to sequentially illuminate a subject 30; 

means 28, 40 for activating said light sour- 
ces to generate a luminance light beam and at 
least first and second chrominance light beams, 
the luminance and chrominance light beams be- 
ing generated in a predetermined sequence of 
luminance light beams separated by an alternat- 
ing sequence of either first or second chromin- 
ance light beams; and 

an image sensor 34 arranged to receive the 
luminance and chrominance light beams reflect- 
ed from the subject 30 and to generate there- 
from a color sequential signal comprising a se- 
quence of luminance image components sepa- 
rated by an alternating sequence of chromin- 
ance image components, whereby the chromin- 
ance image components are captured at a lower 
temporal rate than the luminance image compo- 
nents. 

11. A camera as in 10 wherein said light sources 
include red, green, and blue light emitting de- 
vices 26a, 26b, 26c, and wherein the luminance 
light beam is a combination of the red and 
green emissions from said red and green de- 
vices 26a, 26b and the first and second 
chrominance light beams are red and blue emis- 
sions, respectively, from said red and blue de- 
vices 26a, 26c. 

12. A camera as in 11 wherein said luminance 
light is a weighted combination of the red and 
green emissions. 

13. A camera as in 10 further comprising a 
plurality of memory units 56, 58, 60 coupled to 
said image sensor 34 for separately storing the 
luminance and chrominance image components. 

14. A camera as in 10 wherein said image 
sensor 34 comprises an array of photosites 35 
arranged in rows and columns, and said lu- 
minance image component is obtained from 
substantially all the photosites and the chromin- 
ance image components are obtained by bin- 
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ning together selected rows and/or columns of 
photosites to produce a lesser number of pixel 
values, whereby the chrominance image compo- 
nents are captured at a lower spatial resolution 
than the luminance image components. 5 

15. A camera as in 10 or 14 further comprising 
means 68, 70 for reading each chrominance 
image component from said memory unit 58, 60 
a plurality of times while spatially shifting the 
chrominance image components to compensate w 
for the motion of the luminance image compo- 
nent. 

16. A camera as in 10 or 11 wherein a correct 
exposure level for the subject is obtained by 
varying the illumination period of at least one of 75 
said luminance and chrominance light beams. 

17. A camera as in 16 wherein the luminance 
and chrominance image components represent 
frames read out from said image sensor 34, and 

the correct exposure level for the subject is 20 
obtained by further varying the frame readout 
period of the sensor. 

18. An electronic color sequential camera 20,22, 
comprising: 

a plurality of light sources 26a, 26b, 26c 25 
arranged to sequentially illuminate a subject; 

means 28, 40 for activating said light sour- 
ces to generate a luminance light beam and at 
least first and second chrominance light beams, 
the luminance and chrominance light beams be- 30 
ing generated in a predetermined sequence; and 

an image sensor 34 arranged to receive the 
luminance and chrominance light beams reflect- 
ed from the subject 30 and to generate there- 
from a color sequential signal comprising a se- 35 
quence of luminance and chrominance image 
components, said image sensor 34 comprising 
an array of photosites 35 arranged in rows and 
columns from which said luminance image com- 
ponent is obtained from substantially all the 40 
photosites and the chrominance image compo- 
nents are obtained by binning together selected 
rows and/or columns of photosites to produce a 
lesser number of pixel values, whereby the 
chrominance image components are captured at 45 
a lower spatial resolution than the luminance 
image components. 

19. A camera as in 18 wherein said light sources 
include red, green, and blue light emitting de- 
vices 26a, 26b, 26c, and wherein the luminance so 
light beam is a combination of the red and 
green emissions from said red and green de- 
vices 26a, 26b and the first and second 
chrominance light beams are red and blue emis- 
sions, respectively, from said red and blue de- 55 
vices 26a, 26c. 

20. A camera as in 18 wherein said luminance 
light is a weighted combination of the red and 



green emissions. 

21. A camera as in 18 further comprising a 
plurality of memory units 56, 58, 60 coupled to 
said image sensor 34 for separately storing the 
luminance and chrominance image components. 

22. A camera as in 18 wherein said predeter- 
mined sequence of light beams includes a se- 
quence of luminance light beams separated by 
an alternating sequence of either first or second 
chrominance light beams, and said image sen- 
sor 34 generates a color sequential signal com- 
prising a sequence of luminance image compo- 
nents separated by an alternating sequence of 
chrominance image components, whereby the 
chrominance image components are captured at 
a lower temporal rate than the luminance image 
components. 

23. A camera as in 21 further comprising means 
68, 70 for reading each chrominance image 
component from said memory unit 58, 60 a 
plurality of times while spatially shifting the 
chrominance image components to compensate 
for the motion of the luminance image compo- 
nent. 

24. A camera as in 18 or 19 wherein a correct 
exposure level for the subject is obtained by 
varying the illumination period of at least one of 
said luminance and chrominance light beams. 

25. A camera as in 24 wherein the luminance 
and chrominance image components represent 
frames read out from said image sensor 34, and 
the correct exposure level for the subject is 
obtained by further varying the frame readout 
period of the sensor. 

26. A color sequential video camera 20, 22, 
comprising: 

a plurality of light sources 26a, 26b, 26c 
arranged to sequentially illuminate a subject; 

means 28, 40 for activating a) two or more 
of said light sources to generate a luminance 
light beam and b) selected ones of said light 
sources to generate at least first and second 
chrominance light beams, the luminance and 
chrominance light beams being generated in a 
predetermined sequence; 

an image sensor 34 arranged to receive the 
luminance and chrominance light beams reflect- 
ed from the subject 30 and to generate there- 
from a sequence of luminance and chrominance 
image signals; and 

a plurality of memory units 56, 58, 60, coup- 
led to said image sensor 34 for separately stor- 
ing the luminance and chrominance image sig- 
nals. 

27. A camera as in 26 wherein said predeter- 
mined sequence of light beams includes a se- 
quence of luminance light beams separated by 
an alternating sequence of either first or second 
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chrominance light beams, whereby said image 
sensor 34 generates a sequence of luminance 
signals derived from the luminance beams sepa- 
rated by an alternating sequence of chromin- 
ance image signals derived from either the first 5 
or second chrominance beams. 

28. A camera as in 26 wherein said image 
sensor 34 is an array of photosites 35 arranged 
in rows and columns, and wherein said lumi- 
nance signal is obtained from substantially all ro 
the photosites and the chrominance image sig- 
nals are obtained by binning together selected 
rows and/or columns of photosites to produce a 
lesser number of pixel values. 

29. A color sequential video imaging system 20, 75 
22, comprising: 

a plurality of differently-colored light sources 
26a, 26b, 26c for illuminating a subject 30; 

an optical section 32 for collecting light from 
said sources reflected from the subject; 20 

a solid state image sensor 34 positioned for 
receiving the reflected light collected by said 
optical section; and 

a timing section 40 for driving two or more 
of said light sources to provide luminance- 25 
weighted light and for separately driving se- 
lected ones of said light sources to provide at 
least first and second chrominance-weighted 
lights, said timing section 40 further driving said 
image sensor 34 to provide a luminance image 30 
signal and first and second chrominance image 
signals in correspondence to the incidence of 
luminance and chrominance light upon said sen- 
sor; 

30. A color sequential video imaging system 20, 35 
22, comprising: 

a plurality of light sources 26a, 26b, 26c for 
sequentially illuminating a subject 30 with a plu- 
rality of differently-colored light beams; 

an optical section 32 for collecting light re- 40 
fleeted from the subject; 

a solid state image sensor 34 positioned for 
receiving the reflected light collected by said 
optical section and for generating a sequence of 
image signals; and 45 

a timing section 40 for driving two or more 
of said light sources to provide a luminance- 
weighted light beam and for separately driving 
selected ones of said light sources to provide at 
least first and second chrominance-weighted so 
light beams, said timing section 40 further driv- 
ing said image sensor 34 to provide a luminance 
image signal and first and second chrominance 
image signals in correspondence to the inci- 
dence of the luminance and chrominance light 55 
beams upon said sensor. 

31. A color sequential video camera 20, 22, 
comprising: 



a plurality of light sources 26a, 26b, 26c 
arranged to sequentially illuminate a subject 30; 

an image sensor 34 arranged to receive 
light reflected from the subject and to generate 
therefrom a sequence of image signals; and 

means 28, 40 for sequentially energizing a) 
two or more of said light sources to generate a 
luminance-weighted beam of light, and b) se- 
lected ones of said light sources to generate at 
least first and second chrominance beams of 
light, whereby said image sensor 34 corre- 
spondingly generates a sequence of luminance 
and chrominance image signals. 

32. A camera as in 31 wherein said sequentially 
energizing means 28, 40 generates a sequence 
of luminance-weighted beams of light separated 
by an alternating sequence of either first or 
second chrominance beams of light, whereby 
said image sensor 34 generates a sequence of 
luminance signals separated by an alternating 
sequence of chrominance image signals derived 
from either the first or second chrominance 
beams of light. 

33. A camera as in 32 wherein said light sources 
are red, green, and blue light sources 26a, 26b, 
26c, and wherein said sequentially energizing 
means 28, 40 generates the luminance-weighted 
beam from a combination of at least red and 
green beams and the chrominance beams from 
the red or blue beams. 

34. An electronic color sequential camera 20, 
22, comprising: 

a plurality of color light sources 26a, 26b, 
26c arranged to sequentially illuminate a subject 
30; 

means 28, 40 for activating said light sour- 
ces to generate a plurality of light beams in a 
predetermined sequence; 

an image sensor 34 arranged to receive the 
light beams reflected from the subject and to 
generate therefrom a color sequential signal 
comprising a sequence of image frame compo- 
nents; 

an exposure level determination section 42 
for determining the illumination level of the light 
beams reflected from the subject; and 

a timing section 40 for reading out the im- 
age frame components from said image sensor 
34 according to a predetermined frame rate for 
normal illumination levels, wherein said timing 
section 40 reduces the frame rate responsive to 
said exposure level determination section 42 for 
low illumination levels. 

35. A camera as in 34 wherein said light sources 
include red, green, and blue light emitting de- 
vices 26a, 26b, 26c, and wherein a luminance 
light beam is generated from a combination of 
the red and green emissions from said red and 
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green devices 26a, 26b and first and second 
chrominance light beams are generated from 
red and blue emissions, respectively, from said 
red and blue devices 26a, 26c. 

36. A camera as in 35 wherein said luminance 
light is a weighted combination of the red and 
green emissions. 

37. A camera as in 35 further comprising a 
plurality of memory units 56, 58, 60 coupled to 
said image sensor 34 for separately storing the 
luminance and chrominance image components. 

38. A camera as in 37 wherein said predeter- 
mined sequence of light beams includes a se- 
quence of luminance light beams separated by 
an alternating sequence of either first or second 
chrominance light beams, and said image sen- 
sor 34 generates a color sequential signal com- 
prising a sequence of luminance image compo- 
nents separated by an alternating sequence of 
chrominance image components, whereby the 
chrominance image components are captured at 
a lower temporal rate than the luminance image 
components. 

39. A camera as in 38 wherein said image 
sensor 34 comprises an array of photosites 35 
arranged in rows and columns, and said lu- 
minance image component is obtained from 
substantially all the photosites and the chromin- 
ance image components are obtained by bin- 
ning together selected rows and/or columns of 
photosites to produce a lesser number of pixel 
values, whereby the chrominance image compo- 
nents are captured at a lower spatial resolution 
than the luminance image components. 

40. A camera as in 37 or 38 further comprising 
means 68, 70 for reading each chrominance 
image component from said memory unit 58, 60 
a plurality of times while spatially shifting the 
chrominance image components to compensate 
for the motion of the luminance image compo- 
nent. 

Claims 

1. An electronic color sequential camera (20, 22), 
comprising: 

a plurality of light sources (26a, 26b, 26c) 
arranged to sequentially illuminate a subject 
(30); 

means (28, 40) for activating a) two or 
more of said light sources to generate a lu- 
minance light beam and b) selected ones of 
said light sources to generate at least first and 
second chrominance light beams, the lumi- 
nance and chrominance light beams being 
generated in a predetermined sequence; and 

an image sensor (34) arranged to receive 
the luminance and chrominance light beams 



reflected from the subject (30) and to generate 
therefrom a color sequential signal comprising 
a sequence of luminance and chrominance im- 
age components. 

5 

2. A camera as claimed in claim 1 wherein said 
light sources include red, green, and blue light 
emitting devices (26a, 26b, 26c), and wherein 
the luminance light beam is a combination of 

10 the red and green emissions from said red and 

green devices and the first and second 
chrominance light beams are red and blue 
emissions, respectively, from said red and blue 
devices. 

75 

3. A camera as claimed in claim 2 wherein said 
luminance light is a weighted combination of 
the red and green emissions. 

20 4. A camera as claimed in claim 1 further com- 
prising a plurality of memory units (56, 58, 60) 
coupled to said image sensor (34) for sepa- 
rately storing the luminance and chrominance 
image components. 

25 

5. A camera as claimed in claim 4 wherein said 
predetermined sequence of light beams in- 
cludes a sequence of luminance light beams 
separated by an alternating sequence of either 

30 first or second chrominance light beams, and 

said image sensor (34) generates a color se- 
quential signal comprising a sequence of lu- 
minance image components separated by an 
alternating sequence of chrominance image 

35 components, whereby the chrominance image 

components are captured at a lower temporal 
rate than the luminance image components. 

6. A camera as claimed in claim 4 wherein said 
40 image sensor (34) comprises an array of 

photosites (35) arranged in rows and columns, 
and said luminance image component is ob- 
tained from substantially all the photosites and 
the chrominance image components are ob- 

45 tained by binning together selected rows 

and/or columns of photosites to produce a 
lesser number of pixel values, whereby the 
chrominance image components are captured 
at a lower spatial resolution than the luminance 

so image components. 

7. A camera as claimed in claim 4 or 5 further 
comprising means (68, 70) for reading each 
chrominance image component from said 

55 memory unit (58, 60) a plurality of times while 

spatially shifting the chrominance image com- 
ponents to compensate for the motion of the 
luminance image component. 

10 
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& A camera as claimed in claim 1 or 2 wherein a 
correct exposure level for the subject is ob- 
tained by varying the illumination period of at 
least one of said luminance and chrominance 
light beams. 5 

9. A camera as claimed in claim 8 wherein the 
luminance and chrominance image compo- 
nents represent frames read out from said 
image sensor (34), and the correct exposure ro 
level for the subject is obtained by further 
varying the frame readout period of the sensor. 
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